(CANCER RESEARCH 61, 5355-5361, July 15, 2001] 

Advances in Brief 



Monoclonal Antibody 806 Inhibits the Growth of Tumor Xenografts Expressing 
Either the de2-7 or Amplified Epidermal Growth Factor Receptor (EGFR) 
but not Wild-Type EGFR 

Rodney B. Luwor, Terrance G. Johns, 1 Carmel Murone, H-J. Su Huang, Webster K. Cavenee, Gerd Ritter, 
Lloyd J. Old, Antony W. Burgess, and Andrew M. Scott 

Ludwig Institute for Cancer Research, Melbourne Branch, Tumour Targeting Program, Austin and Repatriation Medical Centre, Heidelberg 3084, Victoria, Australia [R. B. L., 
T. G. J„ C. M., A. M. S.J; Epithelial Biochemistry Laboratory, Royal Melbourne Hospital, Parhilie 3050 Victoria, Australia [A. W. B.J; Ludwig Institute for Cancer Research, San 
Diego Branch, University of California at San Diego, La Jolla, California 92093-0660 [H-J. S. H, W. K. C.J; and Ludwig Institute for Cancer Research, New York Branch, Ne*> 
York, New York 10021-6007 [G. R., L. J. O.J 



Abstract 

The monoclonal antibody (mAb) 806 was raised against the delta2-7 
epidermal growth factor receptor (de2-7 EGFR or EGFRvIU), a trun- 
cated version of the EGFR commonly expressed in glioma. Unexpectedly, 
mAb 806 also bound the EGFR expressed by cells exhibiting amplification 
of the EGFR gene but not to cells or normal tissue expressing the wild-type 
receptor in the absence of gene amplification. The unique specificity of 
mAb 806 offers an advantage over current EGFR antibodies, which all 
display significant binding to the liver and skin in humans. Therefore, we 
examined the antitumor activity of mAb 806 against human tumor xe- 
nografts grown in nude mice. The growth of U87 MG xenografts, a glioma 
ceil line that endogenously expresses -10 5 EGFRs in the absence of gene 
amplification, was not inhibited by mAb 806. In contrast, mAb 806 
significantly inhibited the growth of U87 MG xenografts transfected with 
the de2-7 EGFR in a dose-dependent manner using both preventative and 
established tumor models. Significantly, U87 MG cells transfected with 
the wild-type EGFR, which increased expression to MO 6 EGFRs/cell and 
mimics the situation of gene amplification, were also inhibited by mAb 806 
when grown as xenografts in nude mice. Xenografts treated with mAb 806 
all displayed large areas of necrosis that were absent in control tumors. 
This reduced xenograft viability was not mediated by receptor down- 
regulation or clonal selection because levels of antigen expression were 
similar in control and treated groups. The antitumor effect of mAb 806 
was not restricted to U87 MG cells because the antibody inhibited the 
growth of new and established A431 xenografts, a cell line expressing 
>10 6 EGFRs/cell. This study demonstrates that mAb 806 possesses sig- 
nificant antitumor activity. 

Introduction 

Over the past two decades, mAbs 2 have attracted considerable 
interest as potential agents for the treatment of human cancer (1, 2). A 
number of these mAbs have been directed to the EGFR, which given 
its increased expression on the cell surface of many human tumors is 
a candidate for antibody therapy. Overexpression of the EGFR has 
been observed in tumors of the breast, lung, colon, prostate, kidney, 
bladder, head and neck, ovary, and brain (3, 4), with increased EGFR 
expression levels often correlating with a poorer clinical prognosis (5, 
6). Overexpression of the EGFR can be associated with EGFR gene 
amplification, particularly in glioma and head and neck cancer. 
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Some of the current EGFR-specific mAbs are capable of inhibiting 
the in vitro and in vivo growth of epithelial tumor cells overexpressing 
the EGFR by blocking ligand binding (7-10). Although several EGFR 
mAbs have been evaluated for tumor-specific targeting and pharma- 
cokinetics in clinical trials (11, 12), their use is restricted by specific 
uptake in organs that have high endogenous levels of EGFR, such as 
the liver and skin (11, 13). For example, it would not be possible to 
conjugate such antibodies to cytotoxic agents for the purposes of 
therapy because this would almost certainly cause significant collat- 
eral damage to normal tissue. 

EGFR gene amplification in glioma is often accompanied by gene 
rearrangement, resulting in deletions of the coding region (14). The 
most common variant, the de2-7 EGFR, is characterized by an in- 
frame deletion of 801 bp spanning exons 2-7 of the coding sequence 
(15). This truncation removes 267 amino acids from the extracellular 
domain, producing a unique junctional peptide, and renders the EGFR 
unable to bind any known ligand (4). Despite this, the truncation 
appears to partially mimic the effect of ligand binding because the 
receptor displays low levels of constitutive activation (16). Further- 
more, glioma and breast cells transfected with the de2-7 EGFR have 
enhanced tumorigenicity when grown as xenografts in nude mice (16, 
17). Apart from glioma, the de2-7 EGFR has been identified in breast, 
non-small cell lung, ovarian, and prostate cancer (3, 18, 19) but has 
not been found in normal tissue (20). Therefore, targeting this tumor- 
specific antigen may permit broader therapeutic strategies than is 
possible using wt EGFR-based immunotherapeutic strategies. Indeed, 
several mAbs specific for the unique junctional peptide found in the 
de2-7 EGFR have been described (20-22). 

The de2-7 EGFR specific mAb 806 was produced after immuni- 
zation of mice with NR6 mouse fibroblasts expressing the truncated 
de2-7 EGFR. mAb 806 binds the U87 MG glioma cell line transfected 
with the de2-7 EGFR but not the parental U87 MG cell line, which 
expresses the wt EGFR without gene amplification. 3 Similar results 
were observed in vivo with mAb 806 showing specific targeting of 
de2-7 EGFR expressing U87 MG xenografts but not parental U87 
MG tumors. 3 Interestingly, mAb 806 was capable of binding an 
EGFR subset (-10%) on the surface of the A431 cell line, which 
contains an amplified EGFR gene. Therefore, unlike all other de2-7 
EGFR-specific antibodies, which recognize the unique peptide junc- 
tion that is generated by the de2-7 EGFR truncation, mAb 806 binds 
to an epitope also found in overexpressed wt EGFR. However, it 
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would appear that this epitope is preferentially exposed in the de2-7 
EGFR and a small proportion of receptors expressed in cells contain- 
ing wt EGFR gene amplification. Importantly, normal tissues that 
expresses high levels of endogenous wt EFGR, such as liver and skin, 
are negative for mAb 806 binding. On the basis of the unique property 
of the mAb 806 to bind both the de2-7 and amplified wt EGFR but 
not the native wt EGFR when expressed at normal levels, we decided 
to examine the efficacy of mAb 806 against several tumor cell lines 
grown as xenografts in nude mice. 

Materials and Methods 

Cell Lines and Monoclonal Antibodies. The human glioblastoma cell line 
U87 MG, which endogenously expresses the wt EGFR, and the transfected cell 
lines U87 MG.A2-7 and U87 MG.wtEGFR, which express the de2-7 EGFR 
and overexpress the wt EGFR, respectively, have been described previously 
(16, 23). The epidermoid carcinoma cell line A431 has been described previ- 
ously (24). 

All cell lines were maintained in DMEM (DMEM/F 1 2; Life Technologies, 
Inc., Grand Island, NY) containing 10% FCS (CSL, Melbourne, Victoria, 
Australia), 2 mM glutamine (Sigma Chemical Co., St. Louis, MO), and peni- 
cillin/streptomycin (Life Technologies, Inc., Grand Island, NY). In addition, 
the U87 MG.A2-7 and U87 MG.wtEGFR cell lines were maintained in 400 
jig/ml of geneticin (Life Technologies, Inc., Melbourne, Victoria, Australia). 
Cell lines were grown at 37°C in a humidified atmosphere of 5% C0 2 . 

The mAb 806 (IgG2b) was produced after immunization of mice with NR6 
mouse fibroblasts expressing the de2-7 EGFR. mAb 806 was selected after 
rosette assays showed binding to NR6 cells, which overexpressed the de2-7 
EGFR (titer of 1 :2500). mAb 528, which recognizes both de2-7 and wt EGFR, 
has been described previously (10) and was produced in the Biological Pro- 
duction Facility (Ludwig Institute for Cancer Research, Melbourne, Victoria, 
Australia) using a hybridoma obtained from American Type Culture Collection 
(Rockville, MD). The DH8.3 mAb, which is specific for the de2-7 EGFR, was 
kindly provided by Prof, William Gullick (University of Kent and Canterbury, 
Kent, United Kingdom) (19). The polyclonal antibody sc-03 directed to the 
COOH-terminal domain of the EGFR was purchased from Santa Cruz Bio- 
technology (Santa Cruz Biotechnology, Santa Cruz, CA). 

FACS Analysis of Receptor Expression. Cultured parental and trans- 
fected U87 MG cell lines were analyzed for wt and de2-7 EGFR expression 
using the 528, 806, and DH8.3 antibodies. Cells (1 X 10 6 ) were incubated with 
5 /xg/ml of the appropriate antibody or an isotype-matched negative control in 
PBS containing 1% HSA for 30 min at 4°C. After three washes with PBS/1% 
HSA, cells were incubated an additional 30 min at 4°C with FITC-coupled goat 
antimouse antibody (1:100 dilution; Calbiochem, San Diego, CA). After three 
subsequent washes, cells were analyzed on an Epics Elite ESP (Beckman 
Coulter, Hialeah, FL) by observing a minimum of 20,000 events and analyzed 
using EXPO (version 2) for Windows. 

Scatchard Analysis. The mAb 806 was labeled with I25 I (Amrad, Mel- 
bourne, Victoria, Australia) by the Chloramine T method. All binding assays 
were performed in 1% HSA/PBS on 1-2 x 10 6 live U87 MG.A2-7 or A431 
cells for 90 min at 4°C with gentle rotation. A set concentration of 10 ng/ml 
,25 I-labeled mAb 806 was used in the presence of increasing concentrations of 
unlabeled antibody. Nonspecific binding was determined in the presence of 
10,000-fold excess of unlabeled antibody. After incubation, cells were washed 
and counted for bound I25 I-labeled mAb 806 using a COBRA II gamma 
counter (Packard Instrument Company, Meriden, CT). Scatchard analysis was 
done after correction for immunoreactivity. 

Immunoprecipitation Studies. Cells were labeled for 16 h with 100 
jxCi/ml of Tran 35 S-LabeI (ICN Biomedicals, Irvine, CA) in DMEM without 
methionine/cysteine supplemented with 5% dialyzed FCS. After washing with 
PBS, cells were placed in lysis buffer (1% Triton X-100, 30 mM HEPES, 150 
mM NaCl, 500 /xM 4-(2-aminoethyl) benzenesulfonyl fluoride, 1 50 nM aproti- 
nin, 1 /xm E-64 protease inhibitor, 0.5 mM EDTA, and 1 /am leupeptin, pH 7.4) 
for 1 h at 4 6 C. Lysates were clarified by centrifugation for 10 min at 12, 
000 X g and then incubated with 5 /ig of appropriate antibody for 30 min at 
4°C before the addition of protein A-Sepharose. Immunoprecipitates were 
washed three times with lysis buffer, mixed with SDS sample buffer, separated 



by gel electrophoresis using a 7.5% gel that was then dried, and exposed to 
X-ray film. 

Xenograft Models. Consistent with previous reports (23, 25), U87 MG 
cells transfected with de2-7 EGFR grew more rapidly then parental cells and 
U87 MG cells transfected with the wt EGFR. Tumor cells (3 x 10 6 ) in 100 /il 
of PBS were inoculated s.c. into both flanks of 4 -6- week-old, female nude 
mice (Animal Research Center, Western Australia, Perth, Australia). Thera- 
peutic efficacy of mAb 806 was investigated in both preventative and estab- 
lished tumor models. In the preventative model, five mice with two xenografts 
each were treated i.p. with either 0.1 or 1 mg of mAb 806 or vehicle (PBS) 
starting the day before tumor cell inoculation. Treatment was continued for a 
total of six doses, three times per week for 2 weeks. In the established model, 
treatment was started when tumors had reached a mean volume of 65 mm 3 
(U87 MG.A2-7), 84 mm 3 (U87 MG), 73 mm 3 (U87 MG.wtEGFR), or 201 
mm 3 (A43 1 tumors). Tumor volume in mm 3 was determined using the formula 
(length X width 2 )/2, where length was the longest axis and width the meas- 
urement at right angles to the length (26). Data were expressed as mean tumor 
volume ± SE for each treatment group. This research project was approved by 
the Animal Ethics Committee of the Austin and Repatriation Medical Centre. 

Histological Examination of Tumor Xenografts. Xenografts were ex- 
cised at the times indicated and bisected. One half was fixed in 10% formalin/ 
PBS before being embedded in paraffin. Four-/tm sections were then cut and 
stained with H&E for routine histological examination. The other half was 
embedded in Tissue Tek OCT compound (Sakura Finetek, Torrance, CA), 
frozen in liquid nitrogen, and stored at -80°C. Thin (5-/an) cryostat sections 
were cut and fixed in ice-cold acetone for 10 min, followed by air drying for 
an additional 10 min. Sections were blocked in protein blocking reagent 
(Lipshaw Immunon, Pittsburgh, PA) for 10 min and then incubated with 
biotinylated primary antibody (1 /ig/ml) for 30 min at room temperature. All 
antibodies were biotinylated using the ECL protein biotinylation module 
(Amersham, Baulkham Hills, NSW, Australia), as per the manufacturer's 
instructions. After rinsing with PBS, sections were incubated with a strepta- 
vidin-horseradish peroxidase complex for an additional 30 min (Silenus, Mel- 
bourne, Victoria, Australia). After a final PBS wash, the sections were exposed 
to 3-amino-9-ethylcarbazole substrate [0. 1 m acetic acid, 0. 1 m sodium acetate, 
0.02 m 3-amino-9-ethylcarbazole (Sigma Chemical Co., St. Louis, MO)] in the 
presence of hydrogen peroxide for 30 min. Sections were rinsed with water and 
counterstained with hematoxylin for 5 min and mounted. 

Statistical Analysis. The in vivo tumor measurements in mm 3 are ex- 
pressed as the mean ± SE. Differences between treatment groups at given time 
points were tested for statistical significance using Student's t test. 

Results 

Binding of Antibodies to Cell Lines. To determine the specificity 
of mAb 806, its binding to U87 MG, U87 MG.A2-7, and U87 
MG.wtEGFR cells was analyzed by FACS. An irrelevant IgG2b 
(mAb 100-310 directed to the human antigen A3 3) was included as 
an isotype control for mAb 806, and the 528 antibody was included 
because it recognizes both the de2-7 and wt EGFR. Only the 528 
antibody was able to stain the parental U87 MG cell line (Fig. 1), 
consistent with previous reports demonstrating that these cells express 
the wt EGFR (16). mAb 806 had binding levels similar to the control 
antibody, clearly demonstrating that it is unable to bind the wt EGFR 
(Fig. 1). Binding of the isotype control antibody to the U87 MG.A2-7 
and U87 MG.wtEGFR cell lines was similar to that observed for the 
U87 MG cells. mAb 806 stained U87 MG.A2-7 and U87 MG. 
wtEGFR cells, indicating that mAb 806 specifically recognized the 
de2-7 EGFR and a subset of the overexpressed EGFR (Fig. 1). As 
expected, the 528 antibody stained both the U87 MG.A2-7 and U87 
MG.wtEGFR cell lines (Fig. 1). The intensity of 528 antibody staining 
on U87 MG.wtEGFR cells was much higher than mAb 806, suggest- 
ing that mAb 806 only recognizes a portion of the overexpressed 
EGFR. The mAb 806 reactivity observed with U87 MG.wtEGFR cells 
is similar to that obtained with A431 cells, another cell line that 
overexpresses the wt EGFR. 3 

A Scatchard analysis was performed using U87 MG.A2-7 and 
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Fig. 1 . Flow cytometric analysis of parental and transfected U87 MG glioma cell lines. 
Cells were stained with either an irrelevant lgG2b antibody {open histograms) or the 528 
antibody or mAb 806 {filled histograms) as indicated. 



a preventative xenograft model. Antibody or vehicle was administered 
i.p. the day before tumor inoculation and was given three times per 
week for 2 weeks (see "Materials and Methods"). At a dose of 1 
mg/injection, mAb 806 had no effect on the growth of parental U87 
MG xenografts that express the wt EGFR (Fig. 3 A). In contrast, mAb 
806 inhibited significantly the growth of U87 MG.A2-7 xenografts in 
a dose-dependent manner (Fig. 3B). Twenty days after tumor inocu- 
lation, when control animals were sacrificed, the mean tumor volume 
was 1600 ± 180 mm 3 for the control group, a significantly smaller 
500 ± 95 mm 3 for the 0.1 mg/injection group (P < 0.0001) and 
200 ± 42 mm 3 for the 1 mg/injection group (P < 0.0001). Treatment 
groups were sacrificed at day 24, at which time the mean tumor 
volumes were 1300 ± 240 mm 3 for the 0.1 mg treated group and 
500 ± 100 mm 3 for the 1 mg group (P < 0.005). 

Efficacy of mAb 806 in Established Xenograft Models. Given 
the efficacy of mAb 806 in the preventative xenograft model, its 
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A43l cells to determine the relative affinity and binding sites for mAb 
806 on each cell line. mAb 806 had an affinity for the de2-7 EGFR 
receptor of 1.1 X 10 9 m _i and recognized an average (three separate 
experiments) of 2.4 X 10 5 binding sites/cell. In contrast, the affinity 
of mAb 806 for the wt EGFR on A43 1 cells was only 9.5 X 10 7 m~ \ 
Interestingly, mAb 806 recognized 2.3 X 10 5 binding sites on the 
surface of A431, which is some 10-fold lower than the reported 
number of EGFR found in these cells. To confirm the number of 
EGFR on the surface of our A43 1 cells, we performed a Scatchard 
analysis using 125 I-labeled 528 antibody. As expected, this antibody 
bound to approximately 2 X 10 6 sites on the surface of A431 cells. 
Thus, it appears that mAb 806 only binds a portion of the EGFR 
receptors on the surface of A431 cells. Importantly, 125 I-labeled mAb 
806 did not bind to the parental U87 MG cells at all, even when the 
number of cells was increased to 1 X 10 7 . 

Immunoprecipitations. We further characterized mAb 806 reac- 
tivity in the various cell lines by immunoprecipitation after 35 S- 
labeling using mAb 806, sc-03 (a commercial polyclonal antibody 
specific for the COOH-terminal domain of the EGFR) and a IgG2b 
isotype control. The sc-03 antibody immunoprecipitated three bands 
from U87 MG.A2-7 cells, a doublet corresponding to the two de2-7 
EGFR bands observed in these cells and a higher molecular weight 
band corresponding to the wt EGFR (Fig. 2). In contrast, although 
mAb 806 immunoprecipitated the two de2-7 EGFR bands, the wt 
EGFR was completely absent (Fig. 2). The pattern seen in U87 
MG.wtEGFR and A431 cells was essentially identical. The sc-03 
antibody immunoprecipitated a single band corresponding to the wt 
EGFR from both cell lines (Fig. 2). The mAb 806 also immunopre- 
cipitated a single band corresponding to the wt EGFR from both U87 
MG.wtEGFR and A431 cells (Fig. 2). Consistent with the FACS and 
Scatchard data, the amount of EGFR immunoprecipitated by mAb 806 
was substantially less than the total EGFR present on the cell surface. 
Given that mAb 806 and the sc-03 immunoprecipitated similar 
amounts of the de2-7 EGFR, this result supports the notion that the 
mAb 806 antibody only recognizes a portion of the EGFR in cells 
overexpressing the receptor. Comparisons between mAb 806 and the 
528 antibody showed an identical pattern of reactivity (data not 
shown). An irrelevant IgG2b (an isotype control for mAb 806) did not 
immunoprecipitate EGFR from any of the cell lines (Fig. 2). Using 
identical conditions, mAb 806 did not immunoprecipitate the EGFR 
from the parental U87 MG cells (data not shown). 

Efficacy of mAb 806 in Preventative Models. mAb 806 was 
examined for efficacy against U87 MG and U87 MG.A2-7 tumors in 
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Fig. 2. Iminunoprccipitation of EGFR from cell lines. The EGFR was immunopre- 
cipitated from 3S S-labeled U87 MG.wtEGFR, U87 MG. A2-7, and A431 cells with mAb 
806 {806), sc-03 antibody (c-term), or a IgG2b isotype control (con) as described in 
"Materials and Methods." Arrows, position of the de2-7 and wt EGFR. Identical banding 
patterns were obtained in three independent experiments. 
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Fig. 3. Antitumor effect of mAb 806 on U87 MG (A) and U87 MG.A2-7 (B) xenograft 
growth rates in a preventative model. U87 MG or U87 MG.A2-7 cells (3 X 10 6 ) were 
injected s.c. into both flanks of 4-6-weck-old BALB/c nude mice (n = 5) at day 0. Mice 
were injected i.p. with cither I mg of mAb 806 (•), 0.1 mg of mAb 806 (A), or vehicle 
(O) starting 1 day prior to tumor cell inoculation. Injections of mAb 806 were given three 
times/week for 2 weeks (arrows). Data are expressed as mean tumor volume; bars, SE. 
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Fig. 4. Antitumor effect of mAb 806 on U87 MG (A), U87 MG.A2-7 (B), and U87 
MG.wtEGFR (Q xenografts in an established model. U87 MG, U87 MG.A2-7, or U87 
MG.wtEGFR cells (3 X 10 6 ) were injected s.c. into both flanks of 4-6-wcck-old BALB/c 
nude mice (n = 5). Mice were injected i.p. with cither 1-mg doses of mAb 806 (•), 
0.1 -mg doses of mAb 806 (A), or vehicle (O) starting when tumors had reached a mean 
tumor volume of 65-84 mm 3 . Injections were given three times/week for 2 weeks 
(arrows). Data are expressed as mean tumor volume; bars. SE. 



ability to inhibit the growth of established tumor xenografts was 
examined. Antibody treatment was as described in the preventative 
model, except that it commenced when tumors had reached a mean 
tumor volume of 65 mm 3 (10 days after implantation) for the U87 
MG.A2-7 xenografts and 84 mm 3 (19 days after implantation) for the 
parental U87 MG xenografts. Once again, mAb 806 had no effect on 
the growth of parental U87 MG xenografts, even at a dose of 1 
mg/injection (Fig. 44). In contrast, mAb 806 significantly inhibited 
the growth of U87 MG.A2-7 xenografts in a dose-dependent manner 
(Fig. 4B). At day 17, 1 day before control animals were sacrificed, the 
mean tumor volume was 900 ± 200 mm 3 for the control group, 
400 ± 60 mm 3 for the 0.1 mg/injection group (P < 0.01), and 
220 ± 60 mm 3 for the 1 mg/injection group (P < 0.002). Treatment 
of U87 MG.A2-7 xenografts with an IgG2b isotype control had no 
effect on tumor growth (data not shown). 

To examine whether the growth inhibition observed with mAb 806 
was restricted to cells expressing de2-7 EGFR, its efficacy against the 
U87 MG.wtEGFR xenografts was also examined in an established 



model. These cells serve as a model for tumors containing amplifi- 
cation of the EGFR gene without de2-7 EGFR expression. mAb 806 
treatment commenced when tumors had reached a mean tumor vol- 
ume of 73 mm 3 (22 days after implantation). mAb 806 significantly 
inhibited the growth of established U87 MG.wtEGFR xenografts 
when compared with control tumors treated with vehicle (Fig. 4Q. On 
the day control animals were sacrificed, the mean tumor volume was 
1000 ± 300 mm 3 for the control group and 500 ± 80 mm 3 for the 
group treated with 1 mg/injection (P < 0.04). 

Histological and Immunohistochemical Analysis of Established 
Tumors. To evaluate potential histological differences between mAb 
806-treated and control U87 MG.A2-7 and U87 MG.wtEGFR xe- 
nografts, formalin-fixed, paraffin-embedded sections were stained 
with H&E (Fig. 5). Areas of necrosis were seen in sections from mAb 
806-treated U87 MG.A2-7 (mAb 806-treated xenografts were col- 
lected 24 days after tumor inoculation and vehicle treated xenografts 
at 18 days), and U87 MG.wtEGFR xenografts (mAb 806 xenografts 
were collected 42 days after tumor inoculation and vehicle treated 
xenografts at 37 days; Fig. 5). This result was consistently observed in 
a number of tumor xenografts (n ~ 4 for each cell line). However, 
sections from U87 MG.A2-7 and U87 MG.wtEGFR xenografts 
treated with vehicle (n = 5) did not display the same areas of necrosis 
seen after mAb 806 treatment (Fig. 5). Vehicle and mAb 806-treated 
xenografts removed at identical times also showed these differences in 
tumor necrosis (data not shown). Thus, the increase in necrosis 
observed was not caused by the longer growth periods used for the 
mAb 806-treated xenografts. Furthermore, sections from mAb 806- 
treated U87 MG xenografts were also stained with H&E and did not 
reveal any areas of necrosis (data not shown), further supporting the 
hypothesis that mAb 806 binding induces decreased cell viability, 
resulting in increased necrosis within tumor xenografts. 

An immunohistochemical analysis of U87 MG, U87 MG.A2-7, and 
U87 MG.wtEGFR xenograft sections was performed to determine the 
levels of de2-7 and wt EGFR expression after mAb 806 treatment 
(Fig. 6). As expected, the 528 antibody stained all xenografts sections 
with no obvious decrease in intensity between treated and control 
tumors (Fig. 6). Staining of U87 MG sections was undetectable with 
the mAb 806; however, positive staining of U87 MG.A2-7 and U87 
MG.wtEGFR xenograft sections was observed (Fig. 6). There was no 
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Fig. 5. Representative H&E-stained paraffin sections of U87 MG.A2-7 and U87 
MG.wtEGFR xenografts. U87 MG.A2-7 (collected 24 days after tumor inoculation) and 
U87 MG.wtEGFR (collected 42 days after tumor inoculation) xenografts were excised 
from mice treated as described in Fig. 4 and stained with H&E. Vehicle-treated U87 
MG.A2-7 (collected 1 8 days after tumor inoculation) and U87 MG.wtEGFR (collected 37 
days after tumor inoculation) xenografts showed very few areas of necrosis {left panel), 
whereas extensive necrosis (arrows) was observed in both U87 MG.A2-7 and U87 
MG.wtEGFR xenografts treated with mAb 806 (right panel). 
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Fig. 6. Immunohistochemical analysis of EGFR 
expression in frozen sections derived from U87 
MG, U87 MG.A2-7, and U87 MG.wtEGFR xe- 
nografts. Sections were collected at the time points 
described in Fig. 5. Xenograft sections were immu- 
nostaincd with the 528 antibody (left panel) and 
mAb 806 (right panel). No decreased immunorc- 
activity to either wt EGFR, amplified EGFR, or 
de2-7 EGFR was observed in xenografts treated 
with mAb 806. Consistent with the in vitro data, 
parental U87 MG xenografts were positive for 528 
antibody but were negative for mAb 806 staining. 
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difference in mAb 806 staining intensity between control and treated 
U87 MG.A2-7 and U87 MG.wtEGFR xenografts, suggesting that 
antibody treatment does not lead to the selection of clonal variants 
lacking mAb 806 reactivity. 

Treatment of A431 Xenografts with mAb 806. To demonstrate 
that the antitumor effects of mAb 806 were not restricted to U87 MG 
cells, the antibody was administrated to mice containing A431 xe- 
nografts. These cells contain an amplified EGFR gene and express 
approximately 2 X 10 6 receptors/cells. We have previously shown 
that mAb 806 binds -10% of these EGFRs and targets A431 xe- 
nografts. 3 mAb 806 significantly inhibited the growth of A431 xe- 
nografts when examined in the preventative xenograft model de- 
scribed previously (Fig. 1A). At day 13, when control animals were 
sacrificed, the mean tumor volume was 1400 ± 150 mm 3 in the 
vehicle-treated group and 260 ± 60 mm 3 for the 1 mg/injection 
treatment group (P < 0.0001). In a separate experiment, a dose of 0.1 
mg of mAb also inhibited significantly (P < 0.05) the growth of A43 1 
xenografts in a preventative model (data not shown). 

Given the efficacy of mAb 806 in the preventative A431 xenograft 
model, its ability to inhibit the growth of established tumor xenografts 
was examined. Antibody treatment was as described in the prevent- 
ative model, except it was not started until tumors had reached a mean 
tumor volume of 200 ± 20 mm 3 . mAb 806 significantly inhibited the 
growth of established A431 xenografts (Fig. IB). At day 13, the day 
control animals were sacrificed, the mean rumor volume was 
11 00 ± 100 mm 3 for the control group and 450 ± 70 mm 3 for the 1 
mg/injection group (P < 0.0001). 

Discussion 

Many epithelial cancers display increased levels of EGFR expres- 
sion on the cell surface, and numerous experiments with EGFR mAbs 
have shown that they inhibit tumor cell growth both in vitro and in 
vivo (7, 9, 10, 27). Furthermore, clinical studies using EGFR mAbs in 
patients with head and neck cancer (28), squamous cell lung cancer 
(12), gliomas (29), and malignant astrocytomas (30) have all been 
conducted. However, the clinical use of these antibodies is compli- 
cated by liver uptake, as reported in a Phase I clinical trial (12). 

An alternative and more specific target for antibody therapy is the 
tumor-specific de2-7 EGFR, which unlike the wt EGFR, is absent in 
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normal tissue (4, 14). A number of mAbs have been raised to the 
unique junctional peptide found in the de2-7 EGFR; these mAbs do 
not recognize the wt receptor (20-22) and specifically target de2-7 
EGFR-positive xenografts grown in nude mice (31, 32). The use of 
these antibodies should not be complicated by uptake in normal 
tissues, such as liver and skin. However, with the exception of 
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Fig. 7. Antitumor effect of mAb 806 on A43 1 xenografts in preventative (A) and 
established (B) models. A431 celts (3 X 10 6 ) were injected s.c. into both flanks of 
4-6-weck-old BALB/c nude mice (n = 5). Mice were injected i.p. with cither 1-mg doses 
of mAb 806 (•) or vehicle (O), starting I day prior to tumor cell inoculation in the 
preventative model, or when tumors had reached a mean tumor volume of 200 mm 3 . 
Injections were given three times/week for 2 weeks (arrows). Data are expressed as mean 
tumor volume; bars, SE. 
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gliomas, only a small percentage of most carcinomas express the 
de2-7 EGFR, apparently restricting the use of such antibodies. We 
have shown previously 3 that mAb 806 targets both de2-7 EGFR- 
transfected U87 MG xenografts and A431 xenografts that overexpress 
the wt EGFR. mAb 806 did not target parental U87 MG cells, which 
express — 10 5 EGFR 3 (16). As assessed by FACS, immunohistochem- 
istry, and immunoprecipitation, we now demonstrate that mAb 806 is 
also able to specifically bind U87 MG.wtEGFR cells, which express 
>10 6 EGFRs/cell. Thus, the previous observed binding of mAb 806 
to A43 1 cells is not the result of some unusual property of these cells 
but rather appears to be a more general phenomenon related to 
overexpression of the wt EGFR. 

Our data cannot completely exclude the possibility that mAb 806 
binds to the wt EGFR with low affinity; however, for several reasons 
we favor the hypothesis that mAb 806 recognizes a subset of receptors 
in cells overexpressing the receptor: 

(a) We were unable to detect mAb 806 binding to the parental U87 
MG cell line, which expresses 1 X 10 5 wt EGFRs/cell (16), either by 
FACS, immunoprecipitation, immunohistochemistry, or with iodi- 
nated antibody. Indeed, iodinated mAb 806 did not bind to U87 MG 
cell pellets containing 1 X 10 7 cells, which based on the Scatchard 
data using 1 X 10 6 A431 cells, are conditions that should detect low 
level antibody binding (i.e., the total number of receptors being 
similar in both cases). 

(b) Scatchard analysis clearly showed that mAb 806 only bound to 
10% of the total EGFR on the surface of A431 cells. If mAb 806 
simply binds to the wt EGFR with low affinity, then it should have 
bound to a considerably higher percentage of the receptor. 

(c) Comparative immunoprecipitation of the A431 and U87 MG. 
wtEGFR cell lines with mAb 806 and the sc-03 antibody also sup- 
ported the hypothesis that only a subset of receptors are recognized by 
mAb 806. Taken together, these results support the notion that mAb 
806 recognizes a EGFR subset on the surface of cells overexpressing 
the EGFR. We are currently analyzing the EGFR immunoprecipitated 
by mAb 806 to see if it displays altered biochemical properties related 
to glycosylation or kinase activity. 

The xenograft studies with mAb 806 described here demonstrate 
dose-dependent inhibition of U87 MG.A2-7 xenograft growth. In 
contrast, no inhibition of parental U87 MG xenografts was observed, 
despite the fact that they continue to express the wt EGFR in vivo. 
mAb 806 not only significantly reduced xenograft volume, it also 
induced significant necrosis within the tumor. As noted above, other 
de2-7 EGFR-specific mAbs have been generated (20-22), but this is 
the first report showing the successful therapeutic use of such an 
antibody in vivo against a human de2-7 EGFR-expressing glioma 
xenograft. A recent report demonstrated that the de2-7 EGFR-specific 
Y10 mAb had in vivo antitumor activity against murine B16 mela- 
noma cells transfected with a murine homologue of the human de2-7 
EGFR (33). Y10 mediated in vitro cell lysis (>90%) of B16 mela- 
noma cells expressing the de2-7 EGFR in the absence of complement 
or effector cells. In contrast to their in vitro observations, the in vivo 
Y10 antibody efficacy was completely mediated through Fc function 
when using B16 melanoma cells grown as xenografts in an immuno- 
competent model. Thus, the direct effects observed in vitro do not 
seem to be replicated when cells are grown as tumor xenografts. 

Overexpression of the EGFR has been reported in a number of 
different tumors and is observed in most gliomas (4, 14). It has been 
proposed that the subsequent EGFR overexpression mediated by 
receptor gene amplification may confer a growth advantage by in- 
creasing intracellular signaling and cell growth (34). The U87 MG cell 
line was transfected with the wt EGFR to produce a glioma cell that 
mimics the process of EGFR gene amplification. Treatment of estab- 
lished U87 MG.wtEGFR xenografts with mAb 806 resulted in sig- 



nificant growth inhibition. Thus, mAb 806 also mediates in vivo 
antitumor activity against cells overexpressing the EGFR. Interest- 
ingly, mAb 806 inhibition of U87 MG.wtEGFR xenografts was less 
pronounced than that observed with U87 MG.A2-7 tumors. This 
probably reflects the fact that mAb 806 has a lower affinity for the 
overexpressed wt EGFR and only binds a small proportion of recep- 
tors expressed on the cell surface. 3 However, it should be noted that 
despite the small effect on U87 MG.wtEGFR xenograft volumes, 
mAb 806 treatment produced large areas of necrosis within these 
xenografts. To exclude the possibility that mAb 806 only mediates 
inhibition of the U87 MG-derived cell lines, we tested its efficacy 
against A43 1 xenografts. This squamous cell carcinoma-derived cell 
line contains significant EGFR gene amplification, which is retained 
both in vitro and in vivo. Treatment of A43 1 xenografts with mAb 806 
produced significant growth inhibition in both a preventative and 
established model, indicating the antitumor effects of mAb 806 are not 
restricted to transfected U87 MG cell lines. 

Complete prevention of A43 1 xenograft growth by antibody treat- 
ment has been reported previously. The wt EGFR mAbs 528, 225, and 
425 all prevented the formation of A431 xenografts when adminis- 
tered either on the day or 1 day after tumor inoculation (9, 10). The 
reason for this difference in efficacy between these wt EGFR anti- 
bodies and mAb 806 is not known but may be related to the mecha- 
nism of cell growth inhibition. The wt EGFR antibodies function by 
blocking ligand binding to the EGFR, but this is probably not the case 
with mAb 806 because it only binds a small EGFR subset on the 
surface of A431 cells. The significant efficacy of mAb 806 against 
U87 MG cells expressing the ligand-independent de2-7 EGFR further 
supports the notion that this antibody mediates its antitumor activity 
by a mechanism not involving ligand blockade. Therefore, we are 
currently investigating the nonimmunological and immunological 
mechanisms that contribute to the antitumor effects of mAb 806. 
Nonimmunological mechanisms may include subtle changes in re- 
ceptor levels, blockade of signaling, or induction of inappropriate 
signaling. 

Previously, agents such as doxorubicin and cisplatin in conjunction 
with wt EGFR antibodies have produced enhanced antitumor activity 
(35, 36). The combination of doxorubicin and mAb 528 resulted in 
total eradication of established A43 1 xenografts, whereas treatment 
with either agent alone caused only temporary in vivo growth inhibi- 
tion (36). Likewise, the combination of cisplatin and either mAb 528 
or 225 also led to the eradication of well-established A43 1 xenografts, 
which was not observed when treatment with either agent was used 
(35). Thus, future studies involving the combination of chemothera- 
peutic agents with mAb 806 are planned using xenograft models. 

Maybe the most important advantage of mAb 806 compared with 
current EGFR antibodies is that it should be possible to directly 
conjugate cytotoxic agents to mAb 806. This approach is not feasible 
with current EGFR-specific antibodies because they target the liver 
and cytotoxic conjugation would almost certainly induce severe tox- 
icity. Given that mAb 806 failed to bind U87 MG cells expressing 
1 X 10 5 EGFRs and our initial immunohistochemical analysis show- 
ing that mAb 806 does not bind normal liver, we believe that it is 
unlikely this antibody will target normal liver. However, formal 
demonstration of this requires ongoing analysis and ultimately clinical 
trials in cancer patients. Conjugation of cytotoxic agents such as drugs 
(37) or radioisotopes (38) to antibodies has the potential to improve 
efficacy and reduce the systemic toxicity of these agents. Further- 
more, it is likely that the direct antitumor effects of mAb 806 reported 
here would be further enhanced by the coupling of appropriate cyto- 
toxics. 

This study clearly demonstrates that mAb 806 has significant in 
vivo antitumor activity against de2-7 EGFR-positive xenografts and 
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tumors overexpressing the EGFR. The unique specificity of mAb 806 
suggests immimotherapeutic potential in targeting a number of tumor 
types, particularly head and neck tumors and glioma, without the 
restrictions associated with normal tissue uptake. Finally, given that 
systemic administration of mAb 806 inhibits the growth of intracra- 
nial glioma xenografts, 4 we plan to conduct clinical trials with mAb 
806 in patients with glioma. 
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